Impacts of Large-scale Gravel Excavations, Precipitation, and Runoff on Groundwater Movement and Quality by Perry, Mark L.
South Dakota State University 
Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange 
Electronic Theses and Dissertations 
1986 
Impacts of Large-scale Gravel Excavations, Precipitation, and 
Runoff on Groundwater Movement and Quality 
Mark L. Perry 
Follow this and additional works at: https://openprairie.sdstate.edu/etd 
Recommended Citation 
Perry, Mark L., "Impacts of Large-scale Gravel Excavations, Precipitation, and Runoff on Groundwater 
Movement and Quality" (1986). Electronic Theses and Dissertations. 4419. 
https://openprairie.sdstate.edu/etd/4419 
This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 
IMPACIS OF LARGE-OCAtE .GRAVEL EXCAVATIONS, PRECIPITATION, 
AND RUIDFF ON GRCXJN:liATER MJVEMENr AND QUALITY 
by 
Mark L. Percy 
A thesis submit ted 
in p:trtial fulfillnent of the requiranents for the 
degree Master of Science 
Major in Civil Engineering 
SOuth Dakota State University 
1986 
SOUTH DAKOTA STATE UNIVERSITY LIBRARY 
IMPAC!'S OF LARGE-SCALE GRAVEL EXCAVATIONS, FRECIPITATION, 
AND RUIDFF ON GROONI:HA'mR MNEMENT AND QUALITY 
'Ibis thesis is approved as a creditable and independent in­
vestigation by a candidate for the degree, Master of Science, am is 
acceptable as meeting the thesis requiranents for this degree. 
Acceptance of this degree does not irrply that the conclusions 
reached C!f the candidate are necessarily the conclusions of the 
major deparbnent. 
/ /Jr .  James N. Dornbush ( / 'lbesis AiNisor 
Dr . DNafjle A. Rollag 
Head, �vil Engineering 
nafe 
/Dat:e 
rmBLE OF CDNI'ENTS 
Page 
IN'm.()){JC!'ION. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 
LI'IERA'll.JRE REV�....................................... . . . . 4 
The Big Sioux Aquifer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
Groundwater Movement and Direction. . . . . . . . . . . . . . . . . . . . .  6 
General Groundwater Quality Changes 'ltlrough 
a Soil Medium.. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .  10 
'!be Precipitation and Runoff Relationship to 
Groundwater Movement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
Gravel Pits as a Water SUppiy . . . . . . . . . . . . . . . . . . . . . . . . . .  12 
EXPERI� APffiClAQI. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 15 
Establishing Vertical Controls. . . . . . . . . . . . . . . . . . . . . . . . .  15 
Water Elevation Measurements. . . . . . . . . . . . . . . . . . . . . . . . . . .  19 
Sampling Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 
Flow Measurements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
P.RES��ON AND DISCUSSlON OF DA�......................... 22 
Groundwater M:>vement and Direction • • • • • • • • • • • • • • • • • • • •  · • 22 
'lhe Influence of Precipitation and Runoff on 
Groundwater MOvement in the Everist Gravel 
Pit Area. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 
Water Quality • • • • • • • • • • • • • • • • • • • • •  - . . . . . . . . . . . . . . . . . . . .  37 
· Potential Econanic Benefits of the Everist 
Gravel Pit Water S�y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 
SUMMARY AND CONCLUSIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49 
RE.'CD�TIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51 
LI'.IERA'IU'RE CI'Im. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 53 
APPENDIX A Benchmarks Used for Determining Pond Staff 
Gage and Well casing Elevations. . . . . . . . . . . . . . . . 55 
APPENDIX B - liater Table Elevations of the Ponds and 
AP!miDIX C 
Wells Southeast of Brookings, South Dakota. . . . .  58 
Water Quality Data • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  62 
APPENDIX D - calculations of Water Softened and Resulting 















LIST OF 'maLES 
Mean Chanica! Water Quality of the 
Brookings Wells, Treated Water, and 
Everist Gravel Pit • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Mean Chanica! Water Quality of Shallow 
Wells North of the Gravel Pits, Everist 
Gravel Pit, and the Infiltration Basin • • • • • • • •  
Mean Chenical Water Quality fran the 
Brookings Wells, Treated Water, Ever ist 
Gravel Pit, and Golf Course Pond • • • • • • • • • • • • • •  





of Brookings, South Dakota. . . . . . . . . . . . . . . . . . . .  59 
Water Table Elevations of Wells in the 
Everist Gravel Pit Area. . . . . . . . . . . . . . . . . . . . . . .  60 
Water Table Elevations of Wells at the 
Brookings, South Dakota Sani tar:y Landfill • • • • •  
Canioon Ion Analyses of Water Fran Brookings 
Treatment Plant SUpply Well No. 1 • • • • • • • • • • • •  
Canroon Ion Analyses of Water Fran Brookings 
Treatment Plant SUpply Well No. 2 • • • • • • • • • • • •  
Canioon Ion Analyses of Water Fran Brookings 
Treatment Plant SUpply Well No. 3 • • • • • • • • • • • •  
Canroon Ion Analyses of Treated Water From 
the Brookings East Treabnent Plant • • • • • • • • • • • •  
Canroon Ion Analysis of Water From the 
Everist Gravel Pit • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Water Quality Data for Samples Collected 
fran the Brookings Wells, Treated Water,  
L.G.  Everist Gravel Pit and the Brookings 










Water Quality rata for Samples Collected 
from the Brookings Wells, Treated Water, 
and L.G. Everist Gravel Pit in 1984 (3)....... 69 
Brookings Wastewater Treatment Plant 















LIST OF FIGURES 
'lbpographic map of .the area southeast of 
Brookings, South Dakota showing no gravel 
excavations in 1964 and showing porxls fortred 
due to gravel excavations in 1981 ( updated 
to 1985) near the water treatment plant, 
golf course and sanitary landfil l  (3) • • • • • • • • •  
The Big Sioux aquifer area (5) • • • • • • • • • • • • • • • •  
General characteristics of the Big Sioux 
aquifer (5) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Example of water table elevations at three 
wells to determine groundwater direction (9) • •  
Ponds formed due to gravel excavations 
southeast of Brookings, South Dakota in the 
investigation site (3) • • • • • • • • • • • • • • • • • • • • • • • •  
Ponds and the South Dakota Geological SUrvey 
( s:x;s) wells at the Brookings, South Dakota 
sanitary land£ ill ( 3) • • • • • • • • • • • • • • • • • • • • • • • • •  
Well and pooo locations in the Everist 
gravel pit area (4) • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Water table contours and groundwater 
direction at the sanitary landfill, Brookings 
South Dakota on Septenber 25 , 1985 • • • • • • • • • • • •  
Water table contours and groundwater direction 
in the Everist gravel pit area on 
September 25, 1985 • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
East Brookings area that contributes runoff 
to the area north of the Everist gravel pit • • •  












period of precipitation. . . . . . . . . . . . . . . . . . . . . . .  29 
Water table elevations of the porXls in the 
Everist gravel pit area recorded dur ing 





Water table elevations of the wells in the 
Everist gravel pit area recorded during 
September and October of 1985 • • • • • • • • • • • • • • • • •  
Water table elevations of a well and ponds in 
the Everist gravel pit area recorded during 




The author wishes to express sincere gratitude to Dr . James 
N. Dornbush and Dr . Dlayne A.  Rollag, for their suggestions, 
guidance, technical expertise, arx1 encouragement throughout the 
investigation. 
'!be assistance of Jim Rasmussen, Roger Whittle, and Sam 
Gilkerson is gratefully appreciated for their aid in the installa­
tion of staff gages, completion of surveying, recording of water 
table elevations, an:l collection of water samples. '!he assistance 
of Derald Bauman is also appreciated for his chemical quality 
analyses of water samples. 
I would also l ike to thank II¥ wife, Stephanie, and II¥ 
daughter,  Jenna, for their tatience and understanding during this 
tine of study . 
'Ibis research investigation was tartially sup{X>rted by funds 
provided by the South Dakota State University Water Resources 
Institute, as authorized under the Water Resources Research Act of 
1984, Public Law 98-242. '!his study was also supported in tart by 
foods provided by the East Dakota Water Developnent District, City 




Groundwater makes up approximately one-half of the dr inking 
water supply in the united States. Total groundwater withdrawals in 
1980 including irrigation, rural , and industrial water usage con­
sisted of aloost 90 billion gallons �r day am continues to 
increase . (1) 'Ihe knowledge of how groundwater moves and how 
quality changes occur is therefore very important. 
'Ihe Big Sioux River basin of eastern South Dakota contains a 
large groundwater source, the Big Sioux aquifer . The Big Sioux 
aquifer is a shallow aquifer consisting of sands and gravels which 
are good for gravel mining purposes . In the IaSt 20 years, large­
scale gravel excavations have increased in the Big Sioux aquifer 
near Brookings, South Dakota (see Figure 1} • 'Ihe gravel is mined 
fran below the water table creating permanent pords, unless filled. 
Interest on the impacts of large-scale gravel excavations on 
groundwater movement and quality has therefore increased . (2} 
'!here has been no known study on the influence of large­
scale gravel excavations in the Big Sioux River basin until recent­
ly . 'Iheses have been presented by Kothari (3} and Rasmussen (4} 
concerning the impacts of large-scale gravel excavation on 
groundwater JOOVernent aoo qual ity. Kothari • s study consisted of 
evaluating groundwater rovements fran the effects of large-scale 
gravel excavations and canp:tring the water qual ity of the !X)OO at 
the L.G. Everist gravel pit near Brookings, South Dakota with the 
raw and treated Brookings well water supply. 
3 
Rasmussen ' s  study consisted of determining the seasonal 
quali� variations of groundwater moving through a large-scale 
gravel excavation (Everist gravel pit). Both Kothari and Rasmussen 
concluded that water qual i� of the Everist gravel pit was chemical­
ly s�rior to that of the Brookings well supply. Kothari and 
Rasmussen also recormrended that an investigation on the cause of the 
superior gravel pit water and further research on the effects of the 
infiltration areas to the north of the gravel pit be made . 
The research presented herein was undertaken with the fol­
lowing objectives in mind: 
(1) To determine groundwater movement changes due to large­
scale gravel excavations, 
( 2) To determine the influence of precipitation and runoff 
on groundwater movement and quality, and 
(3} To show same possible economic benefits of a gravel pit 
water supply. 
LITERAWRE REVIEH 
'Ihe Big Sioux Aquifer 
'Ihe Big Sioux aquifer is located in eastern South Dakota in 
the Big Sioux River basin (see Figure 2) • 'Ibis shallow unconfined 
aquifer is ex>nnected to the Big Sioux River, its tributaries and 
many lakes. The Big Sioux River basin basically consists of gla­
cial drift. '!be glacial drift is composed of two major components, 
till and outwash. Till does not store or yield large quantities of 
groundwater and therefore is not thought of as an aquifer . OUtwash 
is composed of sorted gravel, sand, and coarse silt deposited in 
layers separate from till . OUtwash is considered an aquifer due to 
its abil i� to store large quanitities of water and yield large 
amounts .  ( 5) 
The Big Sioux aquifer encompasses more than 1000 91uare 
miles of area . '!he average aquifer depth containing water is 2 0  
feet in thickness. '!he width of the aquifer ranges fran a few 
hundred feet to nearly ten miles. '!he estimated volume of the Big 
Sioux aquifer is from f ive to seven million acre-feet of water or 
IOOre than one trillion gallons. (5) 
4 
One-third of South Dakota • s !X)p.llation uses the Big Sioux 
aquifer for municipal and industrial uses, irrigation and as a rural 
water supply . The general chanica! water qual ity of the Big Sioux 
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Figure 2 .  '!he Big Sioux .a:_ruifer area. ( 5) 
exist in the aquifer at various locations. The water qual i� 
generally has increased mineralization with depth and along aquifer 
boundary areas . ( 6)  
6 
Water levels fluctuate in the aquifer de�nding upon the 
time of year, precipitation, infiltration, evapo-transpiration, 
recharge, discharge, and ptmlp:tge . Water level fluctuations typical­
ly average three feet �r year under normal conditions. '!his quan­
tity is only approximately six inches of water since groundwater 
resides in the l imited sp:tces between the soil particles. (5) 
Seasonal effects on the Big Sioux aquifer also occur as 
shown in Figure 3. The Big Sioux River and its tributaries in the 
spring typically contain high volumes of spring runoff. Increased 
river surface levels rise above the groundwater levels of the 
aquifer and promote groundwater movement outward and away from the 
river or stream. The groundwater movement is reversed during drier 
ronths when the Big Sioux River and its tributaries recede below the 
groundwater level . 'Itlis corx:li tion could occur in the sumner, fall 
or winter months deperx:ling upon runoff quantities. (5) 
Groundwater MOvement and Direction 
Groundwater movement occurs in the direction of decreasing 
head. The difference in head results from frictional resistances 
that occur within the pores of the soil medium. Groundwater is 
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Figure 3. General characteristics of the Big Sioux aquifer. (5) 
-...J 
and moving in greater volumes through areas of higher permeabil ity, 
the ability of a porous medium to transmit a fluid. Groundwater 
IOOVement can range fran a few feet �r day to a few feet per 
year . (7 ,8) 
Darcy ' s Law, equations 1 or 2 ,  is used in describing basic 
groundwater flow, 
(1) (2) 
where "hl-� n is the difference in hydraulic head, "1" is the dis­
tance bebleen two observation points, "V" is the velocity ,  "Q" is 
the flow, "A" is the cross-sectional area in which water 100ves, and 
"P" is the coefficient of permeability .  The ooefficient of per­
meability is the amount of water that will flow through a unit 
cross-sectional area per unit time at a certain temperature . (8) 
Darcy ' s Law is used to describe laminar flows and therefore 
8 
is useful for slow IOOV ing groundwater flows . Darcy ' s Law al so shows 
that flow (Q) varies directly with f¥draulic gradient (� -�) and 
indirectly with the distance between observation points (1) • ( 8) 
Groundwater direction is determined by the use of hydraulic 
gradients, points of higher head to lower head. Groundwater direc-
tion is typically obtained and shown on a two-dimensional map. 
Points of equal water table elevations are connected establishing 
contour lines . '!he direction of naximtml gradient is perpeooicular 
to the contours of equal elevation (see Figure 4) • '!he direction of 
Direction 






Figure 4. Exanple of water table elevations at three wells to 
detennine groundwater direction. ( 9) 
9 
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water roovement is down gradient and thus equivalent to the direction 
of maximum gradient. ( 7 , 9) 
Areas where the groundwater direction radiates outward indi­
cate recharge ( influent stream or pooo) • Convergence of flow lines 
from different directions indicates areas of discharge (effluent 
streams, porrls or wells) • ( 9) 
General Groundwater Quality Changes 'lhrough a Soil Medium 
Water undertakes many changes as it ISSses through the soil . 
Bacterial action in the up�r portion of the soil medium utilizes 
oxygen in the water and carbon dioxide is produced as a by-product. 
carbon dioxide existing in equil ibrium with carbonic acid therefore 
forms lower pH coooitions. carbon dioxide concentrations of 30 to 
50 mg/1 are not uncommon in groundwater . ( 10) 
Alkalinity, a measure of waters ability to neutral ize acids, 
is mainly nade up of bicarbonate -forms in groundwater. Under lower 
pH coooitions in groundwater, insoluble carbonates become oonverted 
to soluble bicarbonates as shown in equations 3 arXi 4 below : 
(3) 
(4)  
'Ibese soluble bicarbonates Mg (H<D3>2 and ca (HCD3)2 make up the 
maj or ity of hardness causing forms in groundwater . (10) 
Iron (Fe
+ 3 ) and manganese (Mn 
+4) are converted to soluble 
f F 
+2 and Mn
+2 . th tha 
. 
. orms e m e same manner t magnes1um and calcium 
11 




rv'\3 + rv'\ ILO + v.J v.J2 + -� ( 5) 
High amounts of iron and manganese in groundwater are always as­
sociated with high carbon dioxide quantities and anaerobic 
conditions. ( 10) 
Precipitation and Runoff Relationship to Groundwater Mov ement 
Precipitation is the major source of natural groundwater 
recharge, directly or indirectly . Only a small fraction of the 
precipitation ever reaches the groundwater table, however. A large 
:p:>rtion of precipitation escapes as runoff into streams, lakes or 
escapes as eva:p:>ration. 'Ihe amount of precipitation that does reach 
the groundwater table is dependent upon several factors .  A few in­
clude the � and characteristics of soil ; topography ; vegetative 
cover ; land use ; soil ooisture content; depth of water table ;  the 
intensity, duration, and seasonal distribution of rainfall ;  � of 
precipitation ( rain, snow, etc) and meteorological factors .  ( 11) 
Rainfall intensity and infiltration cap:tci ty are two major 
factors in the rainfall-groundwater relationship. When rainfall 
falls at a faster rate than the soil can absorb it, much water is 
lost as surface runoff. More water could accumulate as groundwater 
if rainfall was to occur at a constant rate, whereas not to exceed 
the soil ' s  infiltration capacity. SUrface runoff is not all lost if 
12 
it collects in lakes, streams or infiltration basins. SUrface 
runoff captured by these methods also has the potential to increase 
the groundwater storage. (12) 
Topograpey and vegetative cover also affect the 
precipitation-groundwater relationship. Topography affects rtmoff 
by leading it into low areas or depressions. 'Ibis promotes poming 
and the mounding of groundwater under these depressions which in­
creases the groundwater storage . Vegetative cover tends to slG� 
down rtmoff; leading to higher infiltration of water . A higher in­
filtration of water therefore promot�s a greater response of the 
groundwater table in a shallow aquifer . (12) 
Increases in the groundwater table after rainfall ordinarily 
occur within the first 24 hours in a shallow aquifer . Rainfall is 
not continuous and therefore infiltration comes in slugs . 'Itlese 
slugs cause a mounding of groundwater in low areas or around poros 
where the runoff water collects and recharges adjacent groundwater 
suwlies . (9, 1 2) 
Gravel Pits as a Water SUpply 
A study in 1982 conducted by Antosch (13) in Ames, Iowa, 
considered a gravel pit lake �stem to optimize the future water. 
quality of Ames munici};al water supply. '!be Hallett Quarry gravel 
pit lake �stem, located north of Aires, Iowa, was used in Antosch' s 
investigations. The Hallett Quar� gravel pit lake �stem exists in 
13 
the low lying area of the south Skunk River flood plain .  '!he 
excavations consist of three gravel pit lakes that compose 80 acres 
of surface water with a maxinun depth of 50 feet. '!he three gravel 
pits.were being used as an active sand and gravel excavation site in 
1982 . '!be gravel pits are nGt� being considered as a supplanental 
water supply source for the City of Alles, Iowa in the future. 
'!he Hallett Quarry gravel pit lakes, in 1977 , 1980 , and 
1981, were used to recharge depleted groundwater levels in the Ames 
city well field along the South Skunk River . '!he Hallett Quarry 
gravel pit water was punped to the dried bed of the South Skunk 
River and infiltrated, recharging the groundwater .  An impervious 
low head dam was also constructed on the South Skunk River to allow 
the water to infiltrate rather than be lost downstream. Groundwater 
was recharged successfully, but a need to increase the Ames water 
supply quantities still existed. (13) \ 
The purpose of Antosch' s-(13) study was to develop a water 
quality nanagement plan for the Hallett Quarry gravel pit system. 
'!be pur};X>se was met by obtaining the following obj ectives; deter­
mination of the present water qual ity and quantification of 
stornwater runoff I;X>llutant loadings in the Hallett Quarry gravel 
pits. 
Determinations of stornwater runoff I;X>llutant loads and 
baseline water quality of the Hallett Quarry gravel pits were used 
to fulfill the obj ectives . Antosch (13), from the water qual ity 
425578 
--. -- . ... ""' n•n�ITV .1 IDO 'AY 
14 
determinations, concluded that nutrient imput fran runoff had the 
greatest influence on the future water quali� of the Hallett Quarry 
gravel pits. Antosch recommended incorporating a management plan to 
reduce nutrient imputs into the Hallett Quarry gravel pits. TO 
reduce nutrients, Antosch ( 13)  recommended diverting stormwater 
runoff instead of detaining the runoff water in basins before it e� 
tered the Hallett Quarry gravel pits. Heavy netals, sediment, fecal 
coliforms, road salts, herbicides, �sticides and other potential 
pollutants would not be discharged into the Hallett Quarry gravel 
pits � diverting stormwater runoff. 
'!he city of Sp:ncer, Iowa, located in northwest Iowa, sutr 
plements its municipal water suppiy with gravel pit water. The city 
can use the gravel pit source solely, rut the gravel pit is shallow 
and experiences algal bloans dur ing the surnJI'er . SUrmner tanperatures 
and algal bloans result in a warm and unusually foul-smelling water 
for the residents. The well water su�y is therefore mixed with 
the gravel pit water to eliminate these problems. (13 )  
15 
EXPERil-ENTAL APPROACli 
Establishing Vertical Controls 
Vertical controls were established to determine the fluctua­
tions in the water table . '!be oontrols were established in nineteen 
poros and numerous wells in the Brookings sanitary landfill and 
Everist gravel pit area.  '!he {X>OOS were numbered in the general 
direction of groundwater flow, northeast to southwest, as shown in 
Figure 5 .  '!he wells in the landfill area were numbered by the South 
Dakota Geological SUrvey ( srx;s) and follow no significant order in 
Figure 6 .  Additional observation wells in the Everist gravel pit 
area are shown in Figure 7.  
Staff gages were placed in the IX>nds to measure water eleva­
tions. · '!be staff gages were tw<rby-three posts approximately eight 
feet in length containing measuranent divisions along a side . Zero 
marker elevations were established through surveying to obtain the 
elevations of the staff gage and well casing tops . Benchmarks es­
tablished from Kothari ' s  thesis work in 1984 were used for the 
determination of tmknown elevations. Zero marker elevations of the 
ponds and the wells in the Everist gravel pit area were obtained by 
these methods . 
All of the zero marker readings of the Brookings landfill 
wells were obtained fran a sr:x;s nanual. 'nle zero marker elevations 
for the staff gages in the Brookings landfill area were obtained by 
IICOICINGS 
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Figure 5. Ponds foJ:Ined due to gravel excavations southeast of 
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Figure 6. Ponds and the South Dakota Geological Survey (sr::x:;s) wells 
at the Brcx:>kings, South Dakota sanitary landfill. ( 3) 
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Figure 7. Well and p:>nd locations in the Everist gravel pit area. ( 4) � 00 
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using SI:GS well elevations for benchmarks. Benchmarks for 
establishing the well and pooo elevations are listed in �mix A. 
Water Elevation �asuranents 
Water elevations were obtained in the poms by reading the 
measuranent divisions on the staff gages at the water level and sub­
tracting this fran the zero marker elevation. 1he well elevations 
were ootained by using an electrical device to determine the depth 
of the water table from the top of the well casing . Tbe electrical 
device consisted of an �ter with two wires placed down on otr 
p:>site sides of a wooden rod with measurement divisions. A reading 
on the rod (as it was lG�ered into the well) would be taken when the 
ammeter indicated a completed circuit. The groundwater elevations 
were calculated by subtracting the rod reading fran the top of the 
well casing elevation. 
'!be wells and pooo elevations were generally recorded weekly 
in the Ever ist gravel pit area am biweekly in the Brookings 
sanitary landfill area. Recordings were taken more frequently fol­
lowing periods of precipitation. 
Sampling �thods 
Water �les were usually collected on a weekly basis from 
the Everist gravel pit aoo Brookings golf course pond. '!he Everist 
gravel pit sample was collected fran the southeast corner of the 
pooo. '!he golf course sample was collected fran the bridge in the 
channel connecting two p:trts of the southwest pom. 
20 
The water �les were collected using a device which held a 
one liter sample bottle in the em am extemed approximately six 
feet. Samples were taken at approximately six inches below the sur­
face of the water. 'lhey were then transported to the South Dakota 
State University Sanitary Laboratory and a portion was filtered with 
a Watman 934-AH glass microfibre filter . Hardness, alkalinity, 
iron, manganese aoo pH determinations were made at the Brookings 
water treatment plant. The o:terator , Derald Bauman, �rformed the 
analyses of these samples along with the samples of re&� water fran 
the su�y wells and the treated water . Samples for a total of 17 
sampling dates were analyzed from July through October . 
Water samples were also obtained fran the Everist gravel pit 
and the infiltration basin on September 6 ,  1985 . 'Ibis was done with 
one gallon glass sampling bottles held six inches below the surface . 
'!he samples were filtered at the South Dakota State University 
Sanitary Laboratory and sent to the South Dakota Health Dep:trbnent 
Laboratory for a complete analysis of common ions. 
Flow Measurements 
A flow treasur ing device was installed at the Brookings golf 
course pump house on August 13 , 1985 by the Brookings Util ities 
department. 'Ihe meter was installed to determine the amounts of 
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water removed fran the golf course pond for irrigation of the golf 
course . Flow neasurements were to be taken t:eriodically to 
establish water withdrawal rates, however, sufficient �ecipitation 
and 1 ittle water usage for irrigation of the course occur red in 
August and Septenber . 
PRESENTATION AND DISaJSSION OF DATA 
Groundwater Movement 
Water elevations were recorded fran September 4 to 
OctOber 30,  1985 to determine the groundwater direction in the in­
vestigation site. Three water elevation tables in Appendix B 
provide the elevations of the IX>nds and wells in the investigation 
site on various dates. 
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'!he investigation site for the evaluation of groundwater 
IOOVement can be seen in Figure 5 .  Nineteen ponds and nunerous wells 
were used to establish the groundwater direction. � wells exist­
ing at the landfill site south of Brookings were used to establish 
the groundwater direction in this area. The water elevations were 
generally recorded on a biweekly basis at the landfill site and on a 
weekly basis in the Everist gravel pit area. Water elevations, af­
ter a �riod of rainfall� were taken more frequently during the ear­
ly part of Septenber. 
The investigation site was divided into two areas, the 
landfill site and Everist gravel pit area, to show the ilTip:lcts of 
gravel excavations on groundwater movement. Water table contours 
were drawn for the landfill area on Septanber 25, 1985 in Figure 8 
to illustrate how the direction of groundwater is affected by the 
gravel excavations. '!he direction of groundwater flow before it 
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Figure 8. Water table oontours and groundwater direction at the sani tacy landfill , 
Brookings , South Dakota on September 25, 1985. f\,) w 
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groundwater flow is influenced by gravel excavations as groundwater 
passes through the site. The direction of groundwater flow is 
changed to an easterly direction near the gravel excavation poms 
12, 14, 15 and 16 . Figure 8 therefore does shON that large-scale 
gravel excavations do influence the direction of groundwater flow. 
Water table contours were also drawn in Figure 9 for the 
Ever ist gravel pit area on September 25, 1985 . '!be general direc­
tion of groundwater flow to the south of the gravel ponds is in a 
southerly to southwesterly direction. (3 )  Figure 9 shows that the 
groundwater direction within the gravel pit area is altered though . 
'!he groundwater direction is influenced by the gravel ponds and 
moves in an easterly to southeasterly direction between the Everist 
gravel pit and Freyberg ponds . The direction of grouridwater flow 
around the northwest Freyberg pooo (Pond 3) and the adjacent area to 
the north is also tmique . An area of groundwater recharge is indi­
cated around the northwest Freyberg pooo and infiltration basin 
areas, since the direction of groundwater flow seems to radiate out 
fran a central source . (9) The Everist gravel pit area again 
demonstrates that gravel excavations do effect the groundwater 
direction. 
Another point to make in oonnection with the irrp:tcts of 
large-scale ·gravel excavations on groundwater movement, is heM they 
affect the dc::Mnstream land use. The Everist gravel pit area, for 
example, would generally be expected to have a groundwater slo� of 
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Figure 9 •. Water table oo ntours and groundwa ter directio n  i n  the Everis t gravel pit area 
o n  September 25, 1985. 
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awroximately one foot per 1000 feet. (3) 'ltle water table elevation 
of the Everist gravel pit obviously has no slope, therefore the same 
water table elevation exists throughout the p:>m. 'ltle water table 
elevation leaving the Everist gravel pit is probably about two feet 
higher than it would normally be if the p:>nd did not exist. 'nle 
higher groundwater table below gravel excavations, therefore can ad­
versely influence the adjacent land use if the water table is too 
high. 
The Influence of Precipitation and Runoff on Groundwater MOvement in 
the Everist Gravel Pit Area 
The influence of precipitation and runoff on groundwater 
JOOVenent in the Everist gravel pit area was determined by taking 
water table elevations after a period of rainfall . Water table 
elevations were reoorded on several dates fran Septanber 4 to 
October 30 in 1985 . '!he water elevations were reoorded 100re 
frequently in the days following the rainfall on Septenber 4 ,  1985 
when 1 .73 inches of rain fell in a short period. It should al so be 
noted that before water elevation reoordings began, a oombined rain-
fall amount of 1 .56 inches occurred on Septenber 1 and 2 of 1985 . 
These rainfall quantities were recorded by the South Dakota State 
University Weather Research Center in Brookings, South Dakota. 
Figure 10 is an aerial I;tloto illustrating the runoff area 
that oontributes flow to the Everist gravel pit area . '!he runoff 
area includes the Coast to Coast warehouse and the 3-M plant which 
Figure 10. East Brookings area that a:>ntributes runoff to the 
area north of the Everist grave l pit. 
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contribute large quantities of runoff due to their large roof and 
parking lot areas . Runoff also occurs off the old Brookings 
landfill site, located north of the Coast to Coast warehouse . '!be 
r\moff, through observation, seems to move through culverts located 
under the interstate and in the ditch of the interstate undeq:ass 
road . Runoff water proceeded next across fields and along the rail­
road tracks and ditches to the north of the Brookings East Water 
Treatment Plant until it eventually reached the infiltration basin 
shown in Figure 1 1 .  
A portion of the runoff water is infiltrated into the 
groundwater as the runoff JOOVes over the land surface and toward the 
infiltration basin. Water running off in ditches or accumulated in 
ditches after precipitation may provide for significant amounts of 
infiltration. 'lhese infiltration quantities may be a maj or source 
of the groundwater recharge in this area. 'ltle aiOOunt of water 
reaching the infiltration basin, hOwever, is dependent on many fac­
tors including, the amount, intensity, and duration of rainfall ; 
land use ; topography; and the soils � and characteristics. 
'!he runoff water , upon entering the infiltration basin, 
precedes through the soil and into the Freyberg ponds and Everist 
gravel pit (refer to Figure 9) . A natural filtration therefore oc...;. 
curs el iminating the sediment carried by runoff water by J;assing 
water through the soil before it reaches the other porxls. 'Ihe water 
al so  };aSses only a short distance through the soil. '!he undesirable 
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a) Infiltration basin on Septenber 2, 1985. (N:)te staff gage level). 
b) Infiltration basin on September 5, 1985 after 1. 73 inches of 
rainfall occurred on September 4, 1985. 
Figure 11 . Infiltration basin before and after a :period of precipi­
tation. tbte: This event was also preceded by 1. 56 
inches of rainfall on Septenber 1 and 2 of 1985 that 
sa turated the soil before the September 4, 1985 rainfall .  
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constituents that cause hardness or iron and manganese therefore do 
not dissolve readily because of the short oontact time in the 
soil . (4) 
The possibil i� of runoff contamination exists since same of 
the runoff that proceeds to the infiltration basin comes fran in­
dustr ial areas . ChEmical s or contamination spilled upstream of the 
Everist gravel pit could possibly remer it unusable as a municip:tl 
water supply .  Safe� treasures concerning contamination would have 
to be investigated in future studies if the Everist gravel pit is to 
be used as a municipal water supply. 
SUbsequent figures, relating water table elevations to tine, 
are used to demonstrate the effects of rainfall and runoff on 
groundwater movement. '!he locations of the wells and ponds can be 
referred to in Figure 9 .  Figure 12 shows the variations in porxl 
elevations fran September 4 to October 2 ,  1985 . '!be maj or increase 
in the water table elevation of the inf iltration basin fran 
September 4 to 5,  should first be noted. '!he substantial increase 
of alroost five feet in the water table elevation of the infiltration 
basin is attributed to the large amount of runoff it received . 'nle 
September 4, 1985 rainfall amounted to 1 .  73 inches . 
All ponds in the Everist gravel pit area exhibit an initial 
increase in the water table level after the �riod of rainfall on 
September 4 ,  1985 . '!he effects of the rainfall gradually increased 
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Figure 12. Water table elevations of :p::>nds in the Everist gravel 
pit area rea:>rded during Septanber and October of 19 85. 
32 
to stabilize or reach a state of equil ibrium with the sur rounding 
grolUldwater table levels after Septenber 18, 1985 . '!be 
stabilization of �nd elevations tems to conclude that the effects 
of the September 4 ,  1985 rainfall were stabilized within two weeks 
around the �rrls . 
'!he well water table elevations in the Everist gravel pit 
area are also influenced � rainfall and runoff. Figure 13 shows 
the water table elevations for the specific dates in Septanber and 
October of 1985 that levels were recorded . '!be wells, like the 
IX>nds , also exhibit an initial increase in the water table eleva­
tions after the September 4 ,  1985 rainfall .  Well 3, for example, 
rises more than three feet within one day after the 
September 4 ,  1985 rainfall .  It must be remembered that a three foot 
increase in the groundwater is only about 6 inches of actual water 
depth . '!he snail increase in actual water depth is due to the soil 
IX>res (water storage area) only making up about 15 percent of the 
total volume in the soil . ( 5) 
'!be water table elevations of the wells, ruch like the 
�;X>nds, also sean to reach a state of equil ibrium or stabilization, 
with the exception of well 6 .  Well 6 ,  fran October 15 to the 30, 
had more than a 1 .5 foot drop in the water table elevation. Well 6 
is located furthest to the nort:.l'Mest of the investigation site along 
a road ditch . The drop of approximately 1.5 feet probably tends to 
indicate that substantial groundwater mounding and surface water 
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Figure 13 .  Water table elevatio ns o f  the wells i n  the Everi st gravel pit area recx>rded 
during Septanber and October of 1985. w w 
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infiltration may occur in the area of well 6 and to the northwest of 
the investigation site after �riods of rainfall .  
All the well water table elevations follow the same general 
trend except well 4.  well 4 ,  located in the east IBrt of the inves­
tigation site, did not have as rapid of water table elevation 
response after the Septanber 4 ,  1985 rainfall .  '!be slew response to 
the water table elevation of well 4 may be caused by \Vell 4 not 
being located in or along a l<Y area . '!he distance between the 
water table elevation and ground surface in wells 1, 2 ,  3 ,  5 ,  6 were 
all less than well 4 .  A higher response in the groundwater table 
will occur after rainfall in areas where the water table is closer 
to the ground surface . ( 14) Another possible explanation for the 
sl<Y response to the water table elevation of well 4 nay be a result 
of the water table elevation of well 4 being down gradient of the 
gravel pit poros . '!be gravel pit poros may terxl to intercept and 
store groundwater after a �riod of heavy rainfall,  infiltration arxl 
groundwater rise . '!his intercepting and storage of groundwater in 
the gravel pit porxls may terxl to reduce the initial response of the 
water table elevation of well 4 ,  since the water table elevation of 
well 4 is located down gradient of the gravel pit ponds . 
Figure 14 shows the water table elevations in Septenber and 
October of 1985 for well 3 ,  the Everist gravel pit, the infiltration 
basin and the northwest Fr�berg pond (see Figure 9 for well and 
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October of 1985. 
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possible relationships that may exist in the immediate area of 
groundwater recharge around the infiltration basin . 
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One p:>int of interest in Figure 14 is the similarity of the 
water table elevation fluctuations in well 3 and the infiltration 
basin. Well 3 ,  after a �riod of rainfall, is probably affected in 
the same manner as the infiltration basin because of its proximity 
to the infiltration basin. Sane water in the infiltration basin 
therefore probably flows rapidly toward well 3 through the ground 
after rainfall events. 
The important aspect to note in Figure 14 is the cor relation 
between the rapid decreases of the water levels in the infiltration 
basin and well 3 with the gradual increases of the Everist gravel 
pit and the northwest Freyberg pond between Septanber 5 and 18 of 
1985. The gradual increase in the Everist and Freyberg ponds tends 
to indicate that much runoff water from the infiltration basin was 
infiltrating into these two pooos. The Everist gravel pit sha.�ed a 
water table elevation increase of almost 8 inches (after subtracting 
for rainfall amounts) fran September 4 to 18, 1985. '!he increase in 
elevation was due to the inflow of groundwater after the 
September 4,  1985 rainfall. Although the Everist gravel pit does 
not show nuch of an increase in the water level because of its size 
(45 acres); there is still a substantial increase in water volmne. 
More than 10 million gallons is gained in storage over a two week 
period due to movement of groundwater fran the recharge area am 
surrounding groundwater .  
Water Quality 
37 
'lhree tables of results were arranged to explain chemical 
water quality variations in the Everist gravel pit area.  Table 1 is 
an analysis of COiniOOn ions for three Brookings, South Dakota supply 
weils, the Brookings treated water, and the Everist gravel pit .  The 
analysis of comroon ions was performed by the South Dakota State 
Health Department Laboratory, Pierre, South Dakota. '!he Brookings 
supply wells and treated water quality data were taken fran tast 
data, dating back to 197 1 and up to 1985 as shown in Appendix C in 
Tables Cl, C2 ,  C3 and C4 .  The Everist gravel pit water qual ity was 
a mean of water samples collected in November, 1984 ; a.OO June and 
September 1985 as l isted in Table C5 of Appendix c. 
'!be obj ective of Table 1 is to show that the water fran the 
Everist gravel pit is superior in chemical water qual ity compared to 
the water fran the Brookings supply wells and in sane instances the 
treated water . Upon oomparing the qual ity of the Everist gravel pit 
water to the reM water supply; sodium, !X)tassium, fluor ide and 
nitrate concentrations are all very simil iar between the two sour­
ces. Chloride concentrations differ between the Everist gravel pit 
water, 31.2 ng/1, and reM water, 7.1 ng/1 (average of the three 
wells) , but this difference is insignificant at these l<Mer 
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Table 1 .  Mean <llanical Water Quality o f  the Bl:ookings 
Wells, Treated Water and Everist Gravel Pit* 
Brookings East Plant Wells Treated Everist 





Iron (Fe )  
Manganese (Mn) 
Bicarbonate (Hm3 � 
Sulfate (S0
4) 













@ 500F (units) 
N:> .  o f  Samples 
99 . 7  124 
36 . 1  4 2 . 2 
1 0 . 7 16 . 9  
2 . 6  2 . 9 
2 . 71 3 . 15 
0 . 42 0 . 64 
316 315 
150 248 
7 . 1  6 . 7 
0 . 25 0 . 24 
<0 . 1  <0 . 1  
7 . 41 7 . 33 
588 706 
755 905 
407 4 85 
259 258 
0 . 00 -0 . 03 
7 8 
128 85 . 3 4 7 . 9  
43. 1 40 . 1  30 . 3  
15 . 7  15 . 4  17 . 6  
2 . 9 2 . 8 3 . 2 
3 . 65 0 . 0 8  0 . 58 
0 . 68 0 . 0 7  0 . 09 
311 207 157 
263 219 102 
7 . 6  7 . 8 31. 2 
0 . 24 1 . 03 0 . 27 
< 0 . 1 0 . 13 0 . 2  
7 . 32 7 . 95 8 . 27 
719 553 377 
921 749 530 
496 378 244 
255 171 137 
-0 . 01 +0 . 18 +0 . 32 
6 10 3 
* Chemical analyses perfonred at the State Health Depart:Irent 
Lalx>rato:ry, Pierre, South Dakota. 
**All results expressed in rrg/1 except where indicated. 
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concentrations. The magnesium concentration in the Everist gravel 
pit water is approximately three-fourths that of the Brookings 
supply wells water . calcium, bicarbonates, sulfates, total dissol­
ved solids, specific conductance� hardness, and alkalinity con­
centrations are all approximately one-half as much in the Everist 
gravel pit water . Iron and manganese concentrations are also con­
siderably lower in the Everist gravel pit water. 
Hardness, alkalinity, iron and manganese concentrations are 
higher in groundwater due to conditions that keep these constituents 
soluble rather than precipitating out . '!he Everist gravel pit 
water, on the other hand, is exposed to the atanoSI;ilere and is 
therefore oxygenated . '!his exposure is responsible for a !X)rtion of 
the lower concentrations of har<i'less, alkalinity, iron and manganese 
in the Everist gravel pit water . 'Ibese differences in concentra­
tions can also be attributed to the Everist gravel pit being close 
to an area of grotmdwater recharge. '!he area of recharge occurs 
just north of the Everist gravel pit in an infiltration basin. 
Runoff is collected and is then filtered a short distance through 
the soil to the Everist gravel pit. Table 2 hel ps explain the ef­
fects of this recharge area in more detail . 
The Everist gravel pit water when oampared to the Brookings 
treated water is simil iar in quality in many Iararneters . Like the 
canparison to water of the supply wel ls, sodium, potassium, chlor ide 
and nitrate concentrations are similiar between the two sources. 
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Fluoride concentrations are obviously higher in the treated water 
due to the adOition of fluoride for p.lblic health reasons. calcium, 
nagnesium, bicarbonate and sulfate ooncentrations are much better in 
qual ity in the Everist gravel pit water as oomt;ared to the treated 
water . '!he Everist gravel pit water also has better chanical 
quality for total dissolved sol ids, �cific cooouctance, hardness 
and al kal inity concentrations . Manganese occurs in very simil iar 
concentrations in the Everist gravel pit water and treated water, 
0 .09 nWl and 0 .07 JtWl, re�ctively. teither meets the secondary 
standards of 0 .OS JtWl of nanganese, tilt both are very close . Iron 
is the only p:irameter where the concentration of iron in the treated 
water is of better qual ity . '!he su�rior qual ity in the iron con­
centration of the treated water is expected, since iron arXI man­
ganese removal is a maj or objective of the East Brookings water 
treatment plant. 
Table 2 consists of the mean chanical water qual ity of three 
wells north of the Everist gravel pit, another well in simil iar 
location, the Everist gravel pit aro the infiltration basin. 
Figure 7 can be used to illustrate the configuration of the wells 
and poros . An analysis of oomroon ions was completed at each of 
these water sampl ing points by the South Dakota State Health 
Detartment, Pierre, South Dakota. Water samples of the four wells 
were collected by Jim Rasmussen on November 5 , . 1984 and sent to the 
State Health Laboratory for analysis of corraoon ions. '!he 
Table 2 .  Mean Chemical Water Quality of Shallow Wells North of 
the Gravel Pits , Everist Gravel Pit, and the · Infiltration Basin* 
Shallow �1ells �rth �rth of 
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of Gravel Pits Gravel Pits Everist Infiltration 
Parameter** (Wells 4 , 5 , 6) Well #3 Gravel Pit 
calcium (Ca) .126 56 . 5 47 . 9  
Magnesium (MJ} 49 . 5  25 . 2  30 . 3  
Sodium (Na) 23 . 7  10 . 8  17. 6 
Potassium (K) 3 . 9 2 . 6 3 . 2 
Iron (Fe) NA NA 0 . 58 
Manganese (Mn) NA NA 0 . 09 
Bicaroonate (H<D
3
) 379 248 157 
SUlfate (S0
4 ) 180 42 102 
Chl.oride ( Cl) 34 . 2  12 . 9  31 . 2  
Fl1Dride (F) 0 . 26 0 . 44 0 . 27 
Nitrate (ID3) (as N) 2 . 2 0 . 9  0 . 2  
pH (units) 7 . 63 7 . 95 8 . 27 
'lbtal Dissolved 
Solids (TIS) 675 296 377 
Specific Conductance 
@ 250C (umbos/an) 997 486 530 
Hardness (Ca<D3) 518 245 244 
Alkalinity ( Ca<D3) 311 203 137 
Langelier Index 
@ 5o"F (units> 
+0 . 38 +0 . 21 +0 . 32 
N:> .  of Samples 1 each 1 3 
* Chanica! Analyses perfonned at the State Health Department 
Lal::oratory , Pierre , South Dakota. 
**All results expressed in rrg/1 except where indicated. 
Basin@ 
22 . 1  
10 . 8  
7 . 2 
4 . 3 
0 . 37 
0 . 08 
93 . 0  
26 . 4 
12 . 6  
0 . 16 
0 . 1  
8 . 00 
166 
262 
99 . 6  
76 . 2  
-0 . 55 
1 
@ The infiltration basin sample was oollected on SeptE!!lber 6 ,  1985 
after the basin had risen alnost five feet due to rainfall and 
nJIX)ff that occurred on September 4, 1985 . 
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infiltration basin water sample was collected on September 6 ,  1985, 
when the basin had filled due to runoff after a rainfall on 
September 4 ,  1985 . '!be 1 .  73 inches of rain that fell on 
September 4 ,  1985 resulted in alroost a five foot rise of the water 
level in the infiltration basin. 
'Ibe objective of Table 2 is to show why the chanical quality 
of the Everist gravel pit water is much suJ;:erior when compared to 
the Brookings supply wells water . '!he objective is met by first 
c:omp:lring the water qual ity of the three shallow wells (4 ,  5 am 6) 
north of the Everist gravel pit to well 3 .  well 3 contains water of 
nuch higher qual ity compared to the water in the other three wel ls. 
Well 3 ,  in most p:trameters, contains approximately one-half the con­
centrations as the mean of the water in the three upstream wells. 
'Ibis difference may be attributed to well 3 being much closer to the 
area of grolUldwater recharge supplied by the infiltration basin (see 
Figure 9) . '!he closer a well is to a source of groundwater 
recharge, generally the better the quality of water . ( 9) 
ftk>st p:trameter ooncentr ations were found to be very simil iar 
when comparing the Everist gravel pit to well 3 .  'Ihis simil iarity 
is probably because well 3 and the Everist gravel pit are both about 
the same distance from the infiltration basin. Traveling through 
simil iar soils also explains the closeness in the water quality of 
the two sources. 
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Tb explain the main objective of Table 2 ,  the infiltration 
basin and Everist gravel pit water quality were comp:tred. 'Ihe J;B­
rameter concentrations for the infiltration basin after rainfall are 
approximately twice as good in chanica! quality for rost p:trameters 
when compared to the Everist gravel pit water . '!be benefits of this 
superior water quality p:tssing through the soil are utilized, since 
the Everist gravel pit is so close to the infiltration basin. '!be 
water moving into the Everist gravel pit from the infiltration basin 
is also filtered . Filtration eliminates sedinent carried by runoff 
entering the basin. '!be infiltration basin therefore serves as a 
sedimentation basin, too. Sediment may cause a clogging of pores in 
the basins bottom, but the sides of the basin are of importance 
since rapid lateral IOOVement of water through the soil is of sig­
nificance here. Maintaining steep sides in the infiltration basin 
will allow sediment to settle to the basin bottan. Sediment inter­
ference would therefore be kept to a minimum and rapid lateral move­
ment of water could occur in the adjacent soil and to the Everist 
gravel pit . 
Table 3 is composed of data obtained on a weekly basis fran 
July to October in both 1984 and 1985 . '!he results were averaged 
for each month fran Tables C6 and C7 in A�ndix c. Water samples 
from the Brookings sup�y wells, treated water, Everist gravel pit 
and Brookings golf course pooo were analyzed. . '!he general 
p:trameters of interest were total hardness, alkal inity, iron, 
Table 3.  Mean Chani.cal water ()lality of the Brookings Wells , 
Treated water, Gravel Pit and Golf Ck>urse lUnd* 
Jul:t Au:just Septeni)er October 
Parameters** 1984 1985 1984 1985 .1984 . 1985 1984 1985 
'lbtal Hardness (Ca003) 
·Wells 492 482 475 465 485 503 514 488 
Treated 372 344 373 353 380 345 382 355 
Gravel Pit 234 234 211 230 230 228 236 235 
Golf Cburse - 272 --- 225 - 165 - 218 
Alkalinity (Ca<D3) 
Wells 306 292 310 303 310 300 302 300 
Treated 186 182 180 180 188 170 186 178 
Gravel Pit 142 144 140 135 140 133 140 145 
Golf Cl:>urse -- 246 -- 195 --- 160 - 195 
Iron (Fe) 
Wells 3 . 67 3. 59 3 . 63 3 . 83 3 . 74 4 . 13 3 . 91 3 . 93 
Treated 0 . 03 0 � 04 0 . 03 0 . 05 0 . 03 0 . 03 0 . 04 0 . 03 
Gravel Pit 0 . 09 0 . 13 0. 08 0 . 04 0 . 05 0 . 05 0 . 23 O . ll  
Golf Cl:>urse - 0. 16 - 0. 16 · -- 0 . 28 - 0 . 20 
Ma!Y;Janese (Mn) 
Wells 0 . 63 0 . 62 0 . 62 0 . 59 0 . 63 0 . 61 0 . 60 0 . 62 
Treated O. O (T) O. O (T) o . oo 0 . 00 0 . 00 o . oo 0 . 00 0 . 00 
Gravel Pit 0 . 07 0 . 16 0 . 07 0 . 08 0 . 08 0 . 11 0 . 22 0 . 17 
Cblf Cl:>urse --- 0. 22 --- 0 . 29 -- 0 . 45 - 0 . 33 
pH (units) 
Wells 7. 5 7 . 3 7. 5 7. 2 7. 5 7 . 3 7 . 4 7 . 3 
Treated 8 . 1  8 . 1  8 . 1  7 . 9  8 . 1  7 . 9 8 . 0 7 . 9  
Gravel Pit 8 . 4  8. 3 8 . 2  8. 3 8 . 4 8 . 2  8 . 3 8 . 0  
Golf Cl:>urse -- 8. 2 --- 8. 3 - 8 . 1  - 8 . 2 
* Chanica! analyses perfonred at the Brookings water Treatmant Plant by the operator. 
**All results expressed in ng/1 exrept where indicated. 
� � 
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nanganese and pH. Figure 5 shCMs where the Everist gravel pit lies 
in relationship to the Brookings golf course poros. 
'!he final water qual ity table of results was to be evaluated 
with the ooj ectives of c:omparing 1984 arx1 1985 data, am to note the 
simil iarity of the Everist gravel pit and Brookings gol f course pond 
water qual ity .  'Ihe results for 1984 and 1985 are very simil iar for 
the p::trameter concentrations analyzed. Table 3 ,  like Table 1 ,  shows 
that the p::trameter concentrations of the Everist gravel pit water 
are SUJ;erior in water qual ity when c:ompared to the water in the 
Brookings supply wells and close to, if not better than, the treated 
water . 
'!he water quality of the Brookings golf oourse pond was also 
analyzed in 1985 to conduct a pumping comparison with the Everist 
gravel pit .  Water quality analyses along with water table eleva­
tions were recorded to determine drawdawn and recharge influences on 
water qual ity changes occurring in the Brookings golf course pond. 
Unfortunately, nruch rainfall and runoff in August and Septanber 
resulted in little water usage for irrigation. Pumpage affects on 
the water quality of the golf course pond thus could not be made for 
comparison to the Everist gravel pit. 
IJ.he results do show that the water qual ity of the Brookings 
golf course pooo and the Everist gravel pit are similar in qual ity 
with a few exceptions. Hardness and alkal inity concentrations in 
the golf course pond water became lower in August am September 1985 
46 
after �riods of rainfall . 'ltle influence of large quantities of 
good qual ity runoff lowered the hardness arxl alkalinity 
concentrations in the golf course �nd. 'Itle Everist gravel pit does 
not receive appreciable amounts of direct runoff and therefore was 
not affected in the same manner .  
Potential Economic Benefits of the Everist Gravel Pit Water Su�y 
The Ever ist gravel pit has !X)tential benefits relating to 
the city of Brookings and its residents. Table 1 shows that the 
Everist gravel pit contains water of su�rior chenical quality com­
:tared to that of the Brookings supply wells and is of sanEWhat bet­
ter chenical qual ity than the treated water . '!be Brookings 
Utilities could save money used for chenicals because of the better 
water qual ity in the Everist gravel pit. In 1984 , the East 
Brookings water treatment · plant used 397 , 520 pounds of l ime and 
25 , 5 90 pounds of alum for :tartial softening. '!be 1984 costs of line 
and alum were $78 .75 per ton and $6 .10 per 50 pound bag, re�ctive­
ly . Partial softening would not be required if only water fran the 
Everist gravel pit was used and a savings of $18 , 774 in lime and 
alun costs would result. A percentage of this savings would be 
saved if the Everist gravel pit was only used as a su�emental 
water su�y . ( 4) 
Residents of Brookings oould also see a savings related to 
the use of lane water softeners. According to Kelton (15) , in 196 9 ,  
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92 .5 percent of all Brookings residents used softened water in their 
banes . A reduction in hardness of one-third by using the Everist 
gravel pit water rather than the present treated water would result 
in a savings for salt, backwash water, and sewer charges for 
Brookings residents. 
Rasmussen ( 4) estinated in July 1985 that approximately 
600 , 000 gallons per day of water were being softened based on i� 
creased salt concentrations in the Brookings wastewater. '!he use of 
the Everist gravel pit water would have resulted in an annual 
savings of salt to the users of rore than $45 , 000 . Chlorides data 
used to estimate the savings in salt was obtained during a �riod in 
which many South Dakota State University students are not present .  
Therefore a large portion of the city ' s water softening systems were 
operating at lew use . 
Chlorides data was also collected in the fall of 1985 at the 
Brookings wastewater treatment plant. '!his data was used to deter­
mine the amount of salt and water usage due to softening in 
Brookings (see A�ndix D) . An average of 816 , 000 gallons �r day 
,_.� 
were being softened and the average. daily salt usage was 9185 pounds 
per day . Savings in salt at $2 .80 per 50 pounds would result in atr 
proximately $62 , 5 80  per year for the residents of Brookings . 
Savings in water usage due· to less frequent water softener 
regenerations is also calculated in �ndix D. An estimated 6 .21 
million gallons per year in water usage would be saved for the 
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users. Present charges for water am waste«ater are $0.756 am 
$1.35 per 1 00 cubic feet or $1.01 am $1 .80 per 1, 000 gallons. 'lhls 
would result in an annual savings of $6, 270 in water am $11, 180 in 
wastEWater due to less frequent water softener regenerations. 
A total savings of rore than $80, 000 would occur fran the 
use of the Everist gravel pit water rather than using the present 
treated water . 'lbese savings would not be fully real ized by water 
users tmtil softener regeneration cycles could be appropr iately ad­
justed. It should also be �inted out that sane chlorides and water 
fran water softening are not discharged to the sanitary sewer .  '!he 
chlor ides and water are therefore unaccounted for and amounts of 
savings may be oonse rvati ve. 
Substantial unknown sav ings in soap use and cor rosion corr 
trol might also be felt.  '!he South Dakota State University steam 
heating, for example, might have a substantial savings related to 
less treabnent of the water . Consumers who do not soften their 
water currently would also beneift by having inproved water 
quality . (16) Considerable savings in pumping costs would probably 
occur with the use of the Everist gravel pit . Less static head 
(directly related to pumping costs) would occur with use of the 
Everist gravel pit .  A more thorough cost analysis of oonstruction, 
punping, and treatment costs should be conducted to adequately 
evaluate the net savings incurred. ( 4) 
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SUMMARY AND CDN<LUSIONS 
'!be intention of this study was to determine the inpacts of 
large-scale gravel excavations, precipitation, and runoff on 
groundwater movement and quality . The objectives included deter­
rnina tion of groundwater movement changes due to large-scale gravel 
excavations; the influence of precipitation and runoff on 
groundwater movement and quality ;  and to show sane possible econanic 
benefits of a gravel pit water supply . Procedures involved taking 
water table elevations, collecting water �ples for 
.
analyses and 
gathering water quality data. Groundwater movement, precipitation, 
and runoff relationship to groundwater and water quality data 
results were all evaluated to explain the objectives. 
Results of the investigation indicate the following 
conclusions: 
1 .  'Ihe gravel excavations at the investigation site do alter the 
groundwater movement significantly . 
2 .  The groundwater movement in the Everist gravel pit area is to 
the east and south . 
3 .  Groundwater movement is signficantly influenced in the Everist 
gravel pit area after periods of appreciable rainfal l and 
runoff. 
4 .  '!he infiltration basin acts to collect runoff water, to 
recharge the surrounding groundwater with good quali� water, 
and to allow natural filtration of runoff proceeding into the 
Everist gravel pit.  
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5 .  '!he chemical quality of water in the Everist gravel pit is su­
perior to water fran the Brookings, South Dakota supply wells. 
6 .  '!he infiltration basin does contain runoff water superior in 
chemical quality after periods of appreciable rainfall and 
runoff. 
7 .  A portion of the good chemical water quality of the Everist 
gravel pit can be attributed to the infiltration basin ' s  excel­
lent water quali� . 
8 .  '!he chemical water qual ity of the Brookings golf course pond 
water is sirniliar to the Everist gravel pit water except after 
periods of appreciable rainfall and runoff. 
9 .  '!he Brookings golf course IX>rxl receives large quantities of 
runoff water during periods of significant rainfall . 
10 . Potential econanic benefits to the Brookings Ci� utilities and 
Brookings consumers could result if water from the Everist 
gravel pit was used for a municipal water sup�y instead of the 
present well supply . 
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RECD�TIONS 
'Ibis research has provided sane basic information necessary 
for evaluating the ircpacts of large-scale gravel excavations, 
precipitation, aiX1 rlD'loff on groundwater movement and qual ity in the 
area southeast of Brookings, SOuth Dakota. However, there is a 
definite need for more research aiX1 the follOttiing recoJlliiema tions 
are made for future . studies in the area southeast of Brookings, 
SOuth Dakota. 
1 .  ftt>re wells should be installed in the rlD'loff area that drains to 
the infiltration basin, possibly along ditches, to further 
evaluate the amount of groundwater recharge occur ring . 
2 .  A more detailed description of the runoff drainage area that 
drains .to the infiltration basin should be made . 
3 .  A study on possible contamination sources in the Everist gravel 
pit area should be acoomplished. '!his study could concentrate 
on sampling water from the Everist gravel pit, infiltration 
basin, and rlD'loff areas after significant runoff and include the 
determinations of concentrations of constituents included in the 
prima� drinking water standards . 
4 .  A study which uses the Brookings golf course pond to evaluate 
the effects of J;Ullping water fran a gravel pit pond should be 
done to determine the inpicts of drawdown and recharge on water 
I 
quality ,/ SUrface runoff to the Brookings golf course pond 
should be prevented during this study . 
5 .  A more detailed econanic analysis of the benefits received by 
using the Everist gravel pit water as a s�emental municipal 
water SUJ;Ply should be conducted. '!his analysis might include 
effects on pumping costs, chemical costs, aoo savings to 
consumers. 
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6 .  '!he city of Brookings, South Dakota should initiate an attempt 
to secure water rights for a s�emental municipal water supply 
fran the Everist gravel pit area. 
7 .  A plan for management of surface runoff, infiltration, arxl 
potential pollution sources in the Ever ist gravel pit area 
should be initiated to insure the future of the gravel pit area 
as a supplenental municip:U water s�y. 
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AP!miDIX A 
BEN<liMARKS USED FOR DE'IERMINIR; FOND AND G1'1;E ELEVATIONS 
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Benchnarks Used For Determining Pord and Gage Elevations 
Nunber Description Elevation 
Bl+-127 Nails in P . P. NE corner of 
intersection at SE corne r 
of Section 30 • • • • • • • • • • • • • • •  1616 .76 
BMRi Nail s in P. P. just south of 
RR tracks in west fence1ine 
on east side of Section 31 • •  1617 . 07 
BMZ Screws in southgate post of 
west entrance to Fr iberg 
pords on west side of 
section 32 • • • • • • • • • • • • • • • • • •  1616 .73 
BMJR Screws in corner post on west 
side of section 32 • • • • • • • • • •  1614 .73 
BM-B BK 6-79 SrGS well at SE corner of 
intersection at NV corner 
of section 5 • • • • • • • • • • • • • • • •  1611 . 2 8  
BM-6 0 · Nails in P. P. west of I-29 
near the �nter of the 
North side of section 6 • • • • •  16 12 . 26 
BM-70 X scratched in west side 
of the center of the bridge 
located at Edgebrook golf 
course in the SOuth Central 
part of section 31 • • • • • • • • • •  16 09 .96 
BM-125 Nails in Wood Fence Post 
35 ' Right of SE corner of 
NE 1/4 of section 1 • • • • • • • • •  16 07 .so  
BM-126 Nails in corner J;X>st near 
center of section 1 • • • • • • • • •  16 02 .74 
BM-21 Tbp of casing of SDGS 
well 121 just south of the 
center of Section 1 
located in the N-1 corner 
of the sanitary landf ill • • • •  16 00 . 46 
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Bl+-B Nails in P. P. on south side 
of SN 1/4 of section 1 • • • • • •  1602 . 10 
Bl+-C Nails in post approx. 
100 yards south of north 
side of N-1 1/4 of section 7 .  1604 .29 
BM-D Nail s in gate post across 
the road of east entrance 
of sani tacy land£ ill located 
in west side of SN 1/4 of 
section 6 • • • • • • • • • • • • • • • • • • •  16 05 . 81 
Bl+-15 Top of casing of soos well 
#15 located in SE area of 
sanitacy landf ill in SE 1/4 
of section 1 • • • • • • • • • • • • • • • •  1603 .97 
BM-26 Top of casing of soos well 
#26 near center of sanitacy 
land£ ill in SE 1/4 of 
section 1 • • • • • • • • • • • • • • • • • • •  1600 .78 
Bl+-lOA Top of casing of soos well 
#lOA located in SE 1/4 of 
section 1 ,  1/2 way along 
east side • • • • • • • • • • • • • • • • • • •  16 04 . 22 
APPENDIX B 
WATER TABLE ELEVATIONS OF K>Nm AND WELLS 
SOtJ1'HFAST OF BRlJKINGS I SOtJI'H :r:w<arA 
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Table Bl . Water Table Elevations of Ponds South and Fast of 
Brookings , South Dakota 
Marker Zero 
Pond Elevation Date 
( ft) 9-4-85* 9-5-85 9-7-85 9-16-85 9-18-85 9-25-85 lQ-2-85 10-15-85 10-24-85 10-3Q-85 
1 1612. 56 107. 64 109. 41 110. 16 110. 25 110. 29 110. 06 109. 91 109. 89 109. 87 109. 73 
2I 1613. 62 108. 68 113 . 29 111. 29 109. 87 109. 62 109 . 29 109. 24 109 . 31 109 . 29 109. 20 
2 1610. 25 107. 87 108. 25 108. 37 108.5 8  108. 67 108.58 108. 62 108 . 67 108 . 67 108. 62 
3 1612. 68 108. 83 109. 37 109. 91 110. 01 110. 01 109. 83 109. 74 109. 85 109 . 85 109 . 76 
4 1610. 75 106. 84 107. 12 107. 27 107. 67 107 . 79 107 . 96 107 . 90 107. 96 108 . 04 108 . 04 
5 1610. 67 107. 15 107. 42 107. 42  107.57 107.59 107 .52 107.50 107 .50 107 .54 107.50 
6 1610. 08 106. 70 107. 33 107. 33 107. 33 107. 16 106. 98 106 . 87 106 . 89 106 . 83 106 . 77 
7** 1604. 43 102. 76 104 . 85 104. 35 '104. 43 104 . 43 104.51 104. 39 104. 43 104 . 30 104. 22 
8 1604. 43 102. 76 104. 85 104. 35 104. 43 104. 43 104 .51 104. 39 104. 43 ·104 . 30 104 . 22 
9 1605 . 52 101. 77 103. 27 103 . 35 103. 52 103.56 103.52 103 . 4 8  103 . 44 103 . 35 103 . 27 
10 1598. 86 95. 38 95. 67 95. 71 ---- -- 95. 69 --- 96 . 07 95 . 98 . 96 . 07 
11 1600. 48 97. 48 97. 86 98. 10 ---- --- 98 . 17 ---- 97 . 92 97. 90 97. 81 
12 1599. 68 96. 72 96. 97 96. 45 ---- --- 97 . 22 --- 97. 22 97 . 14 97 . 08 
13 1598. 04 94. 50 94. 75 94. 81 --- --- 95 . 08 -- 95 . 12 95 . 25 95. 16 
14 1598. 12 94 . 39 94. 92 94 . 64 ---- --- 94. 65 --- 94. 95 94. 95 94 . 91 
15 1597. 89 94. 56 94. 81 94. 89 ---- ---- 94. 97 ---- 95 . 10 95 . 14 94 . 97 
16 1597. 78 94. 56 94. 87 94. 95 --- --- 95. 14 ---- 95 . 15 95 . 24 95. 20 
17 1597. 94 93. 77 94. 14 94. 2 7  -- --- 94.56 ---- · 94 . 99 94 . 61 94 .52 
18 1598. 65 95. 30 95 . 52 95. 65 ---- ---- 96 . 07 ---- 96. 11 96 . 23 96 . 15 
* 1500 feet plus tabular value ( ft) 
**Pond 7 ass\.IOOd to have the sane water elevation as fX)nd 8 (3). 
U1 \.0 
Table B2 . Water Table Elevations of Wells in the Everist Gravel Pit Area 
Cas ing 'lbp 
Elevation Date 
Well (ft) 9-4-85* 9-5-85 9-7-85 9-16-85 9-18-85 9-25-85 10-2-85 10�15-85 10-25-85 1 0-30-85 
6 1619 . 68 113 . 08 115 . 35 114 . 06 114 . 03 11 3 . 66 112 . 95 112 . 58 112 . 39 111 . 39 110 . 85 
5 1615 . 22 108 . 71 111 . 50 110 . 58 110 . 22 110 . 04 109 . 76 109 . 65 109 . 84 109 . 67 109 . 63 
3 1616 . 34 109 . 16 112 . 51 110 . 70 110 . 35 110 . 27 110 . 01 109 . 94 110 . 05 110 . 01 109 . 95 
4 1617 . 34 106 . 70 107 . 12 107 . 4 2 107 . 92 107 . 98 107 . 84 107 . 76 107 . 94 107 . 85 107 . 82 
1 1613 . 16 106 . 96 108 . 42 107 . 97 108 . 04 107 . 91 107. 71 107 . 54 107. 74 107 . 64 107 . 54 
2 1615. 80 106 . 95 108 . 27 107 . 85 108 . 05 107 . 97 107 . 73 107 . 55 107 . 80 107 . 66 107 . 57 
BK 
6-79 1611 . 28 103 . 68 104 . 99 105 . 02 105. 44 105. 30 104 . 93 104 . 81 105. 04 104 . 82 104 . 63 
*1500 feet + tabular value (ft) 
en 
0 
Table B3 . water Table Elevations of Wells at the 
Brookings , South ll:lkota Sanitary Landfill 
Casing 'lbp** 
Elevation Date 
( ft) 9-4-85* 9-5-85 9-7- 85 9-25-85 lQ-15-85 10-24-85 10-30,-85 
Well 
1 1603 . 76 94 . 4 8 94 . 85 95 . 05 95. 19 95. 26 95. 28 95 . 26 
2 1601 . 07 93. 92 94 . 82 94 . 61 94 . 40 94 . 68 94 . 59 94 . 53 
3 1598. 32 93 . 14 94 . 18 93 . 94 93 . 84 94 . 02 93 . 92 93 . 88 
4 1599 . 94 93. 61 94 . 47 94 . 08 93 . 94 94 . 21 94 . 1 8  94 . 14 
5 1600 . 76 94 . 04 94 . 58 94 . 56 94 . 51 94 . 68 94 . 68 94 . 63 
6 1603 . 66 94 . 58 94 . 93 94 . 98 95. 12 95. 24 95 . 24 95. 16 
7A 1602 . 17 94 . 4 7 94 . 83 94 . 90 94 . 94 95 . 09 9 5 . 09 95 . 04 
7B 1602 . 20 94 . 21 94 . 63 ' 94 . 69 94 . 72 94 . 82 94 . 85 94 . 82 
8 1603 . 04 96 . 31 98. 69 97 . 59 96 . 37 96 . 34 96 . 27 96 . 21 
lOA 1604 . 22 95. 99 96 . 66 96 . 67 96 . 72 96. 62 96 . 51 96 . 4 7  
11 1599 . 12 --- --- -- --- 94 . 97 94 . 99 94 . 95 
12 1603 . 26 94 . 35 94 . 80 94 . 95 95. 03 95 . 09 95 . 13 95 . 09 
14 1598 . 77 --- --- -- -- 94 . 94 94 . 99 94 . 96 
15 1603 . 97 94 . 43 94 . 80 94 . 91 94 . 97 95 . 09 95 . 06 95 . 07 
17 1599 . 87 --- --- -- - --- 94 . 95 94 . 92 
21 1600 . 46 94 . 65 96 . 66 95 . 25 94 . 91 95. 25 95. 18 95 . 16 
23 1604 . 84 95. 22 95. 59 95. 72 95 . 86 95. 97 95 . 92 9 5 . 88 
24 1600 . 33 93. 68 94 . 61 94 . 4 8  94 . 39 94 . 51 94 . 49 94 . 44 
26 1600 . 78 94 . 68 94 . 73 94 . 91 94 . 94 9 5 . 09 95. 08 95. 06 
29 1606 . 27 97. 10 97. 73 97. 87 97 . 71 9 7 . 50 9 7 . 36 97 . 34 
30 1600 . 00 --- --- -- -- 94 . 80 94 . 78 94 . 75 
* 1500 feet + tabUlar value ( ft) 
**Surveying perfonred by USGS . 
0'\ � 
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WATER QUALI'IY DATA 
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Table Cl .  Cbnnon Io n Analyses o f  Water From Brookings Treatment Plant 
Supply Wel l  tb .  1 * 
Dates 
Paraneters** 7-29-71 3-14-77 6-1-77 6-22-78 6-20-79 5-5-80 5-6-82 Mean 
calciun (ca) 100 93 . 3  92 . 7 114 106 98 . 0 94 . 2  99 . 7  
Magnesiun (M:j) 28. 68 36 . 8  36 . 1  41 . 1  37 . 8  36 . 2  35 . 9  36 . 1  
Sodium (Na) 12 . 42 9 . 6  10 . 7  9 . 9  12 . 0  10 . 7  9 . 4  10 . 7  
Potassium (K) 2 . 35 2 . 5 2 . 7  2 . 4  2 . 8 2 . 8 2 . 6  2 . 6  
Iro n  (Fe) 2 . 50 3 . 03 2 . 99 2 . 9  2 . 93 2 . 91 1 . 68 2 . 71 
Manganese (Mn) 0 . 25 0 . 51 0 . 50 0 . 58 0 . 54 0 . 50 0 . 07 0 . 42 
Bicarronate (Hm3) 299 31 8 309 322 320 318 328 31 6 
Sulfate (00{) 118 . 7 146 146 175 179 150 136 150 
Chlo ride (C ) 6 . 00 3 . 5  19 . 8 4 . 7  4 . 2  5 . 5 6 . 3  7 . 1  
Fluoride (F) 0 . 27 0 . 2 5  0 . 32 0 . 24 .0 . 23 0 . 23 0 . 19 0 . 25 
Ni trate (N03) (as N) 0 . 00 <0 . 1  < 0 . 1 < 0 . 1  0 . 1  <0 . 1  <0 . 1  <0 . 1  
pH (units)  7 . 4  7 . 19 7 . 30 7 . 25 7 . 31 7 . 32 8 . 10 7 . 41 
'Ibtal Dissolved 
Solids (TOO) 698 542 563 623 604 545 542 588 








@ 2�C (unl'ns/an) 749 765 755 
Hardness (cam� 4 32 384 380 454 4 20 394 3 83 407 
Alkalini ty cca 3) 245 261 253 264 262 261 269 259 
Langeli er Index @ 
50°F (units) NA -0 . 25 -0 . 16 -0 . 10 -0 . 08 -0 . 10 +0 . 68 o . oo 
* Chemical analyses perfo mro at the State Health Depa.rboont Laboratory, Pierre, South D:lkota . 
**All results expressed in ng/1 except where i ndi cated . 
@ Adjusted to 25°C using 2 . 5%/1°c (17) . 0\ w 
Table C2 . 
ParanEters** 







Sulfate (SO i ) 
Chloride ( C ) 
Fluoride (F) 




Specific Conductance @ 
25°C (urnh:>s/an) 
Hardness (Cam� 
Alkalinity (Ca 3) 
Langelier Index 
@ S0°F (units) 
camon Ion Analyses of v1ater From Brookings Treat:m:mt Plant 
Supply Well No .  2*  
Dates 
2-12-73 3-14-77 6-1-77 6-22-78 6-20-79 5�5�8o 4-28-81 
96 . 1  116 130 134 1 36 127 121 
27 . 7 44 . 7  46 . 4  47. 5 44 . 3  4 5 . 0 40 . 6  
1 2 . 7 19 . 4  1 8 . 6 18 . 5  19 . 1  1 6 . 4 1 5 . 1 
2 . 54 3 . 0  3 . 1 2 . 9  3 . 1  3 . 0  2 . 9  
3 . 00 3 . 77 4 . 18 0 . 35 3 . 2  3 . 72 3 . 6  
0 . 45 0 . 59 0 . 70 0 . 70 0 . 65 0 . 67 0 . 65 
281 307 309 327 321 320 320 
119 268 294 277 287 255 223 
6 . 00 2 . 3  14 . 3  3 . 3 3 . 4  5 . 1 6 . 3 
0 . 25 0 . 23 0 . 28 0 . 28 0 . 20 0 . 23 0 . 21 
0 . 00 < 0 . 1  < 0 . 1 < 0 . 1 <0 . 1  <0 . 1  < 0 . 1 
7 . 6 7 . 26 7 . 37 7 . 22 7 . 3 7 . 30 7 . 30 









968@ 936 884 
360 4 74 51 8 530 522 502 469 
230 252 253 268 263 262 262 
NA -0 . 11 +0 . 04 -0 . 07 +0 . 01 -0 . 02 -0 . 03 
6-2-83
# Mean 
1 32 124 
41 . 6  4 2 . 2  
1 5 . 0 16 . 9  
3 . 0  2 . 9  
3 . 4  3 . 15 
0 . 72 0 . 64 
336 31 5 
260 248 
13 . 2  6 . 7 
0 . 22 0 . 24 
<0 . 1  <0 . 1  
7 . 26 7 . 33 
690 706 
959' 905 
501 4 85 · 
275 258 
..;.0 . 02 -0 . 03 
* Chemical analyses perfotllEd at the State Health �pa.rbrent Lalx>ratory, Pierre , South r:akota . 
**All results expressed in ng/1 except where indicated . 
# Not preserved for iron and mangenese . 
@ Adjusted to 25°C using 2 . 5%/1°C {17) . 0\ � 
Table C3 . Cblmon Ion Analyses of Water From Bl:'CX)kings Treat:lrent Plant 
Supply Wel l  th .  3 *  
Dates 
Pararreters** 3-14-77 6-1-77 6-20-79 5-5-80 4-28-81 7-10-85 Mean 
Calciun (Ca) 118 127 1 26 127 1 31 136 1 2 8  
Magnesium (MJ) 43. 3 44 . 6  41 . 7  42 . 8  41 . 4  44 . 7  43 . 1  
Sodiun (Na) 17 . 6  17 . 4  16 . 6  14 . 5  14 . 1  1 3 . 9 1 5 . 7 
Fbtassium (K) 3 . 0 3 . 1  2 . 9 2 . 9 3 . 0  2 . 5 2 . 9  
Iron (Fe) 4 . 33 4 . 27 3 . 0  3 . 98 3 . 6 2 . 71 3 . 65 
Manganese (.Mn) 0 . 67 0 . 70 0 . 61 0 . 67 0 . 73 0 . 70 0 . 68 
Bicarl:onate (Hm3) 301 300 301 317 312 334 311 
Sulfate (S04 ) 276 290 246 252 248 267 263 
Olloride Cl 2 . 4 20 . 2  3 . 2 4 . 5  5 . 3 9 . 8 7 . 6 
Flooride (F) 0 . 2 3 0 . 26 0 . 22 0 . 31 0 . 21 0 . 23 0 . 24 
Nitrate (N03) (as N) < 0 . 1 <0 . 1  <0 . 1  <0 . 1  <0 . 1  <0 . 1  <0 � 1  
pH (tmits) 7. 42 7 . 40 7 . 36 7 . 30 7 . 21 7 . 25 7 . 32 
'lbtal Disso1 ved Solids 716 780 710 71 3 683 712 / 719 
(TOO) 
Specibic Conductance @ 






926 91 5 957 921 
Hardness (earn ) 473 501 4 86 493 498 524 496 
Alkalinity (ea?lJi 247 246 247 260 256 274 255 
Langelier Index 
50°F (tmits) +0 . 05 +0 . 05 +0 . 01 -0 . 02 -0 . 10 -0 . 02 -0 . 01 
* Chemical analyses perfonred at the State Health Deparboont Lalx>ratory, Pierre , South Dakota . 
**All results expressed in ng/1 except where indicated. 
@ Adjusted to 25
°
C using ? . 5%/1
°
C (17) . 
0'\ 
U1 









Sulfate (00 ) 
Chloride cct) 
Fluor ide (F) 
Nitrate (ND3) (as N) 
pH (units) 
'Ibtal Dissolved Solids 
('100) 
Specific Conductance @ 250C (lllilos/an) 
· Hardness (CaCD ) 
Alkalinity cca&�) LangeJ#er Index 
50 ( units) 
2-13-73 
102 
. 28. 0 
14 . 7  
2 . 54 
0 . 0  
0 . 00 
278 
145 
3 . 00 
0 . 89 
0 . 00 







86. 3 82. 0 
36 . 0  4 3 . 5 
17 . 4  16 . 5  
2 . 7  3 . 1  
0 . 11 < 0 . 02 
0 . 05 0 . 30 
266 188 
17 6 264 
8 . 5 10. 0 
0. 97 0 . 88 
0 . 17 < 0 . 1 
7 . 88 7 . 97 
51 5 620 
732@ 769@ 
36 4 384 
218 154 
NA +0 . 24 
Dates 
6-22-78 6-20-79 5-5-80 4-28-81 5-6-82 
92 . 2  88 . 7  81 . 4  82 . 7  81 . 9  
43 . 1  44 . 1  41 . 2 40 . 3 41 . 0  
13 . 1  18 . 3 14 . 8  15. 7 14 . 6  
2 . 5  3 . 2  2 . 8  3. 0 2 . 8 
< 0 . 02 < 0 . 02 0 . 12 < 0 . 02 0 . 38 
0 . 06 < 0 . 02 0 . 04 0 . 07 0. 05 
217 185 196 185 193 
230 264 216 228 231 
6 . 3  5 . 0  6 . 7  7 . 1 5 . 9  
1 . 02 1 . 08 1 . 16 1 . 00 0 . 96 
< 0 . 1 0. 1 0 . 2  0 . 2  0 . 1  
7 . 95 7 . 90 7 . 80 7 . 85 8 . 12 
602 627 561 543 539 
774@ 796@ 738 738 755 
408 403 373 372 373 
178 152 161 152 158 
+0 . 33 +0 . 20 . +0 . 09 +0 . 12 +0 . 41 
* Chemi cal analysis perfonned at the State Health Depart:nEnt Laboratory, Pierre, South f\akota . 
* *All resuits expressed in r:q/1 except \\11ere indicated. 
@ Adjusted to 25°C using 2 . 5%/1°C ( 17) 
6-2-83 7-l<r.-85 
88 . 7  67 . 1  
43 . 2  40 . 8  
15 . 5  13 . 3  
3 . 1  2 . 4  
0 . 06 0 . 09 
< 0 . 02 0 . 09 
176 185 
2 50 182 
1 3 . 6  12 . 1  
1 . 20 1 . 17 
< 0 . 1 0 . 2 





+0 . 33 -0. 28 
Mean 
85 . 3  
40 . 1 
15 . 4  
2 . 8  
0 . 08 
0 . 07 
207 
219 
7 . 8  
1 . 03 
0 . 13 





+0 . 18 
0'\ 0'\ 




Parrureter** 6-26-as# 9-6-85 
Calcium ( Ca) 4 9 . 9 51 . 6 42 . 3  
Magnesiun (�) 31 . 5  29 . 9  29 . 6  
Sodium (Na) 1 7 . 7 15. 8 19 . 4  
Potassium (K) 3 . 2@ NA 3 . 1  
Iron (Fe)  1 . 44
@ 
0 . 27 0 . 03 
Manganese (Mn) 0 . 19 0 . 06 0 . 02 
Bicarbonate (Hcn3) 170 160 141 
Sul fate (SO ) 99 99 . 2  107 
Chloride (ci) 2 8 . 5 31 . 4  33 . 7  
Fluoride (F) 0 . 25 NA 0 . 28 
Nitrate (N03) (as N)  0. 4 0 . 2 <0 . 01 
pH (tmits)  8 . 24 8 . 12 8 . 4 5  
'lbtal Dissolved Solids (TOO) 338 401 391 
Specific Cbnductance @ 
25°C (umlns/an) 54 5 NA 51 5 
Hardness (CaCO� 254 252 227 
Alkalinity ( Ca �) 139 145 128 
Lagnelier Index 
500F (tmits) +0 . 27 NA +0 . 36 
Mean 
47 . 9  
30 . 3  
17 . 6  
3 . 2  
0 . 58 
0 . 09 
1 57 
102 
31 . 2  
0 . 27 
0 . 2  





+0 . 32 
* Olemical analyses perfomed at the State Health I:epart:nent Lal:x:>ratory, Pierre , South r:akota . 
**All results expressed in ng/1 except where indicated. 
# The rrean of t\\0 sanpling locations . 
@ Not filtered or preserved. 
m ....... 
Table C6 . Water Quality Data For Water Sarrples Q)llected Fran the Brookiws Wells , 
Treated Water, Everist Gravel Pit and Brookings Cblf Q)urse Pond. # 
Parameter** 7-5-85 7-12-85 7-19-85 7-26-85 7-31-85 8-7-85 8-14-85 8-21-85 8-l<r-85 9-4-85 9-13-85 9-18-85 9-25-85 1()-2-85 1()-16-85 1()-23-85 1G-3G-85 
'lbtal Hardness 
(ca<D3) 
470 (2) * 480 ( 2) 510 ( 3) 480 (2) 470 ( 1,2) 430 (1,2) 480 (2) 480 (1,2) 470 (2) 510 ( 3) 480 (2) 510 ( 3) 510 (3) 470 (2) 480 ( 2) 520 (3) 480 (2) Hells 
Treated 310 340 350 360 . 360 350 360 350 350 350 340 340 350 330 370 360 360 
Gravel Pit 230 230 230 240 240 230 230 230 230 220 2 30 220 240 230 240 230 240 
Golf Course 280 270 260 270 280 270 220 190 220 200 140 150 170 190 230 220 230 
Alkalinity 
(Ca003) 
Wells 290 290 300 290 290 300 300 300 310 300 300 300 300 300 300 300 300 
Treated 150 190 190 190 190 190 170 180 180 170 170 170 170 170 180 180 180 
Gravel Pit 140 150 140 140 150 140 1 30 130 140 130 130 130 140 140 140 140 160 
Golf Course 250 240 250 260 230 240 180 170 190 180 140 150 170 180 190 200 210 
Irm (Fe) 
Wells 1. 52 3 . 65 4 . 71 3 . 94 4. l l  3. 79 3. 94 3 . 94 3 . 65 4 . 49 3 . 79 3 . 94 4. 29 3 . 79 3 . 65 4 . 49 3 . 79 
Treated 0. 02 0 . 04 0. 04 0. 05 0. 03 0 . 04 0. 04 0 . 08 0. 03 0 . 03 0 . 03 0. 04 0 . 03 0. 03 0 . 03 0 . 03 0 . 03 
Gravel Pit 0. 16 0. 12 0. 18 0. 16 0. 02 0 . 02 0 . 12 0 . 02 0 . 00 0. 00 0. 12 0. 03 0 . 03 0. 12 0 . 20 0 . 00 0 . 10 
Golf Course 0. 16 0. 08 0. 18 0. 16 0 . 24 0 . 20 0 . 24 0 . 00 0 . 20 0. 20 0. 40 0. 24 0. 27 0 . 12 0 . 24 0 .22 0 . 20 
Manganese (fotl) 
Wells 0. 68 0 . 63 0. 63 0. 58 0 . 58 0. 58 0 . 63 0. 51 0. 63 0. 68 0 . 68 0. 51 0. 58 0. 58 0 . 58 0 . 72 0 . 58 
Treated 0. 00 0. 02 0. 00 0. 00 0 . 00  0. 00 0 . 00  0. 00 0. 00 0 . 00 0. 00 0. 00 o. oo 0. 00 0 . 00 0 . 00  0 . 00 
Gravel Pit 0. 35 0. 20 0. 09 0 . 09 0. 09 0 . 09 0. 09 0 . 05 0 . 09 0. 13 0 . 13 0. 05 0. 13 0. 13 0 . 09 0 . 25 0 . 20 
Golf Course 0 . 13 0. 30 0 . 13 0 . 25 0. 30 0. 25 0 . 30 0 . 13 0. 46 0.46 0. 51 0. 46 0. 35 0. 30 0 . 25 0 . 40 0 . 35 
pi (\Dlits) 
Wells 7. 3 7. 3 7. 3 7 . 3 7. 3 7 . 2  7 . 2  7 . 2  7 . 2  7 . 3  7 . 3  7 . 2  7 . 3 7 . 3  7 . 3  7 . 2  7 . 2  
Treated 8 . 2  8. 1 8 . 0  8 . 0  8 . 0  8 . 0  7 . 9  7 . 9  7 . 9  7 . 9  8 . 0  7 . 8  8 . 0  7 . 9  7 . 9  8 . 0  8 . 0  
Gravel Pit 8. 3 8. 4 8 . 2  8 . 3 8 . 2  8 . 2  8 . 1  8 . 4  8 . 3  8 . 2  8 . 2  8 . 2  8 . 2  8 . 0  8 . 0  8 . 1  8 . 1  
Golf Course 8. 3 8 . 3  8 . 2  8 . 3 8. 1 8 . 2  8 . 3  8 . 5  8 . 2  8 . 2  7 . 9  8 . 0  8. 3 8 . 4  8 . 2  8 . 1  8. 1 
I c:llernical analyses perfomed at the Brooki�s Water Treabnent Plant by the operator. 
* Well n\Jitler in use at plant. 
**All resul ts elepressed in lllJ/1 except where indicated. 
0'\ (X) 
Table C7 . Water Quality Data for Water Samples Collected fran the 
Brookings Wells , Treated Water and Everist Gravel Pit ( 3)  
-- - ---- - - · - -- ---- -- --· - -- - - - - - - - - -
l'aroo• !lt!r 7- ')- H4 7- l l- 114 ·1- 19-84 7- 24-84 7- ·1 1 - 84 8-7-114 8- 1 4-84 H- 2 1-84 8-28-H4 9- 4-84 9- 1 1 -84 9- 1 8··84 9- l'>-84 J f)- J-H4 Hl-lf- H4 10·· 16-84 IU-l l-H4 J U- J)-U4 
• .btal Har<i-tess 
(CaC0
3
) u  
We l l s  490 ( 2) . 490 ( 1 )  490 (2) 510( 3) 4 80 ( 1 ) 480 ( 1 , 3) 480 ( 1 , 2) 450 ( 1) 490 ( 2) 
Treated 110 360 170 )80 180 370 180 360 180 
Gravel Pi t 240 210 2 10  230 240 2 30 240 220 240 
Al ka l i n i tr 
(Cdt.'O )) 
We l ls )00 1 10 100 lOO 120 310 110 120 100 
Twat(.od 1 80 1 90 1 80 190 190 180 1 10 190 1 80  
Gravel P i t  1 50  1 40 1 40 140 1 40 140 140 1 40 140 
I ron 
Wel ls  ). 65 1. 65 3 . 40 4 . 1 1  3 . 52 2 . 79 1 . 28 1 . 52 1 . 94 
Treated 0 . 0 1 0. 02 0 . 0 1  0 . 0 1  0 . 01 0 . 0 1 0 . 0 1 0.0) 0 . 0 )  
Gravel P i t  0. 1 6  0 . 0 1  0. 1 1 0. 01 0. 1 2  0. 00 0 . 06 0. 1 1  0. 1 1  
Manyaoc-se 
1�1 ls 0. 6 1  0 . 6 1  0 . 6 ) 0. 6) 0. 6 1  0 . 6 1  0 . 62 0 . 58 0 . 63 
Treated 0. 00 0. 00 0 . 0 1  o. oo 0 . 0 1  0 . 00 0 . 00  0 . 00 0 . 00  
Grave l  Pi t 0. 05 0. 09 0. 05 0. 05 0. 09 0 . 09 0 . 09 0. 05 0 . 05 
111 Uni t.s 
Wc 1 1!i 7 . 60 7. 50 7 . 40 7 . 40 7. 40 7. 40 7 . 40 7 . 50 7 . 50  
1'rcctted 8. 1 0  8. 10 8 . 10 8 . 1 0  8 . 1 0 8 . 00 8 . 1 0  8 . 1 0 8 . 10 
Gr avel Pi t 8 . 60 8. 50 8. 40 8 . 40 8 . 10 8. 10 8 . 20 8 . 20 8 . 40 
• wu l l  ntlltJl!r Jn liSt! at plant 
. .. .  : I  U KICt:ul t·dl iouli in mill cxu., ,l • • •  
500 (2) UO ( l )  
380 380 
2 l.O 2 10 
100 1 10  
1 80 190 
1 40 1 40 
) . 40 1 . 28 
0 . 04 0 . 0 1  
0. 06 0 . 08 
0. 61 0 . 58 
0 . 0 1  0 . 00  
0 . 05 0 . 09 
7 . 50 7 . 50 
8 . 00  8 . 1 0  
8. 10 8 . 40 
510 ( 3) 490 ( 2) 
180 180 




4 . 49 ) . 79 
0 . 02 0. 0 1  
· 0 . 06 0 . 04 
0 . 68 0 . 6 1  
0 . 00 0 . 00 
0. 1 1  0 . 05 
7 . 50 7 . 40 
8 . 1 0 8 . 00 
8 . 50 8 . 20 
· - - --- ··· - - - - - . . 




190 1 80 
1 40 1 40 
4 . 49 1. 52 
0 . 0 1 0 . 04 
0 . 1 8 0 . 29 
0 . 68 0 . 58 
o . oo 0 . 00 
0 . 20 0 . 25 
7 . 40 7 . 40 
8 . 00 8 . 00 
8 . 20 8 . 10 
- -- . - . .  - - - -- ·- .. 
500 ( 2) 590 ( 2)  
380 190 
2 30 240 
100 300 
1 80 1 90 
1 40 1 40 
1. 94 1 . 9 4 
0 . 01 0 . 04 
0 . 22 0 . 20 
0 . 58 0 . 58 
0 . 00 0 . 00 
0. 25 0 . 27 
7 . 10 7 . 10 
7 . 90 7 . 90 
8 . 40 8 . 10 
-
----
--- - ---- -- -- -- --
4 70 ( 1 )  
380 
240 
J I O  
I IJO 
1 40 
J . &S 
0 . 04 
0 . 27 
0 . 58 
0 . 00 
0 . 1 3  
7 . 40 
8 . 1 0  




CALa.ILATIONS OF WATER roFTENEO AND RESULTING 
SAVINGS mrEIMrNED BY cmDRIDES mTA 
70 
calculations of water Softened and Resulting 
Savings Det.e.tmi.ned by Clll.orides Data 
Table Dl .  Brookings wastewater Treatment Plant 
Cootx>site Chlorides Data 
Average Pounds* Pounds Gallons 
Flow Chlorides Chlorides/ Salt/ Softened/ 
Date (M;D) (ng/1) day day day 
8-16-85 2 . 45 312 . 4  5727 9437 838 , 900 
8-19-85 2 . 78 255. 8 5187 8548 759 , 800 
9-2Q-85 2 . 94 229 . 6  4843 7981 709 , 400 
lQ-ll-85 2 . 94 242 . 3 5154 84 93 755 , 00 0 
1Q-23-85 2 . 90 222 . 5 . 4605 7589 674 , 500 
11-1-85 2 . 60 320 . 5 6254 10306 916 , 100 
ll-15-85 2 . 65 360 . 0  7247 11942 1 , 061 , 500 
Average 9185 816 , 000 
*Pounds of chlorides per day minus the mean dlloride ooncentra­
tion of Wells '&> .  1 ,  2 and 3 at the Brookings water treat:m:mt 
plant (.7 . 1  rcg/1) and minus 25 ng/1 due to nonna1 water usage. 
(a) Semple calculation for estiJnating water and salt usage due 
to softening: 
Date : lQ-23-85 
Average wastewater Flow = 2. 90 MID 
Chlorides = 222 . 5  mg/1 
E .W. Cl = 35 . 5 
E .W. Na = 58 . 5  
Mean chlorides ooncentration of Wells '&> .  1 ,  2 and 3 at the 
Brookings water treai::Irent plant = 7 . 1  nq/1 
Estimated chlorides cx:>ncentration due to nonnal water 
usage = 25 ng/1 
71 
72 
Pounds of chlorides = ( 222 . 5 - 7 . 1 - 25 . 0  mg/1 ) x 8 . 34 x· 2 . 90 MGD 
= 4605 lb/day of chlorides 
ch1o . des/da 58 . 5 Pounds of salt = 4605 1bs of rl. Y x 35 • 5 
= 7589 lbs/day of salt 
At 9 lbs of salt per 800 gallons - softened (fran Art� IDck:er and 
Soft water SeJ:Vice) , 
Gallons of water softened = 7589 lbs of salt/day x 800 gallons 
softened/9 1.bs of salt 
= 674 , 500 gallons of water softened 
(b) Savings resulting by use of the Everist Gravel Pit : 
At a 1/3 reduction in hardness by using the Everist gravel pit, 
Savings in salt = 9185 lbs Of salt/day X (1/3) X $2 . 80/50 lbs 
of salt x 365 days/year 
= $62 , 580 of salt saved by water softener users 
At 9 lbs of salt per regeneration, 50 gallons of water per 
regeneration and an average of 816 , 000 gallons softened per day, 
Gallons of water used for softener regeneration = 
_ 9185 1bs salt/day 1 · - 9 lbs salt/regeneration x 50 gallons regeneration 
= 51 , 028 gallons/day 
= 18, 625 , 137 gallons/year 
Gallons of water = (1/3) x 18 , 625, 137 gallons/year 
(Saved per year) 
= 6 .  21 M:;/year 
At water and wastewater charges of $0 . 756 and $1 . 35 per 100 
cubic feet or $1 . 01 and $1 . 80 per 1000 gallons/ 
73 
Annual savings fran water usage = 6 . 21 M;/yr x $1 . 01/1000 gallons 
= $6, 270 per year 
Annual savmgs from wastewater charges 
= 6 . 21 MG/yr x $1 . 80/1000 gallons 
= $11 ,180 per year 
Item 
Salt • •  
Total Savings to Consuners 
Water • • •  
Wastewater • 
Total 
• $62, 580 
6 , 270 . 
11 , 180 
$80 , 030 
